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The present invention relates to the use Of a catalyst 
for synthesizing carbonic dlesters which comprises al- 
lowing the corresponding alcohol to react with carbon 
monoxide and oxygon in the presence ol the catalyst. 

Carbonic diostora are compounds of value as auto- 
motive gas additivBB and organic solvents or as reac- 
tanls, replacing phosgene, in the production of various 
carbonates, carbamates, urethanes and fine chemicals 
such as drugs and agrochemleala. 

For the commercial production of a carbonic diester, 
generally the corresponding alcohol is allowed to react 
with phosgene. However, this known technology de- 
mands the use of phosgene having a groat toxic poten- 
tial and, moreover, the reaction of the alcohol with phos- 
gene gives rise to a large quantity of hydrochloric acid 
which is a highly corrosive substance. 

Therefore, a technology has been proposed for pro- 
ducing a carbonic diester wfthoui the use of phosgene 
which comprises allowing the corresponding alcohol to 
read with carbon monoxide and oxygen In the pr asenco 
of a catalyst. The catalysts used for this purpose can be 
classified into two major categories, i.e. the palladium 
catalyst Including a compound of palladium as the main 
catalyst component and the copper catalyst Including a 
compound of copper as the main catalyst component. 

The reaction using the palladium catalyst is da- 
scribsd In Japanese Patent Publication Nos. 681 671 386 
and 4333B/19B6. According to this technology a palla- 
dium compound as the main catalyst component is used 
in combination with a copper compound and an alkali 
metal compound. The reaction conducted in the pres- 
ence of a copper catalyst is described in Japanese Pat- 
ent Publication No. 6020/1981. According to this tech- 
nology, copper haSdes and the like are used as catalyst, 
And these reactions mentioned above arc conducted in 
a liquid phase at a high pressure. 

However, since tho reaction liquid modjum contain- 
ing such a cataly&t. Irrespective of whether it Is a palla- 
dium catalyst or a copper catalyst, is highly corrosive, 
the reaction must be conducted In a pre6stiro-resi6tant 
reactor having an anticorrosive lining made of e.g. glass 
or a baked -on type enamel. Therefore, since there is an 
upper limit to the size of a pressure-resistant reactor 
having such an anticorrosive lining that can be fabricat- 
ed, it Is difficult to produce a carbonic diester containing 
such a catalyst on a commercial scale. 

To obviate this corrosion problem associated with a 

liquid-phase reaction, a technology has been proposed 
for producing a carbonic diester which comprises allow- 
ing the corresponding alcohol to react with carbon rnorv 
oxjtta and oxygon in a gas phase in the presence of a 
solid catalyst For example, JP-A-SO3460/19B9 corre- 
sponding to WO87/07601 discloses a production proc- 
ess which comprises allowing all the reactants to react 
in a gas phase using a catalyst comprising cupric chlo- 
ride supported on a solid support by an impregnation 



technique. 

This technology, however, has a disadvantage that 
the catalyst tends to be deteriorated since chlorine is 
eliminated from the catalyst in the ecu rsa of tha reaction. 

b In oiher words, since the reaction of producing a car- 
bonic djostor which comprises allowing an alcohol to re- 
act with carbon monoxide and oxygen is a redox reac- 
tion, the valency of copper transfers between monova- 
lent and divalent. Therefore, when cupric chloride Is 

ro used as a catalyst component, chlorine Is liable to be 
eliminated from Ihe catalytic system corresponding to 
the equilibrium between cations and anions. Further, the 
tech notogy has a drawback that atacamita [Cua(OH)aCl] 
is produced by reacting by-producl water With copper 

is ehlorlda, and an excess amount of chlorine is eliminated 
from the system and the deterioration of the catalyst is 
enhanced. Additionally, according to this technology, a 
highly anticorrosive reactor is stfli required, since chlo- 
ride eliminated from the system causes the corrosion of 

so thB equipment. Meanwhile, in the above-mentioned lit- 
erature, a method of regenerating the catalyBl in order 
to Bupply the eflminBted amount of chlorine to the sys- 
tem is proposed. The corrosion of tho reactor, however, 
is still a disadvantage ol the technology, because hydro- 

« gsn chloride is used in the regeneration of the catalyst. 
Document US-A-4 604 242 describes production of 
a carbonic diester from an alcohol, CO and COg using 
a calalyet of copper consisting of elements other than 
halogen. 

30 in these technologies for producing a carbonic di- 
ester, irrespective ol whether It is a liquid phase reaction 
or a gas-phase reaction, there are the corrosion of the 
equipments and the deterioration of the catalysts and 
these drawbacks add up to a considerable disadvan- 

3S tags in the mass production of a carbonic diester. 

Therefore, an object ol the present Invention Is io 
providsacatalyst tor synthesizing acarbonic diester not 
only having a high activity, a high reaction selectivity and 
an excellent stability, but also a significantly minimized 

*° risk of oorro6ion. 

The inventors of the present Invention found, after 
an energetic research endeavor to accomplish the 
above-mentioned objects, that when an alcohol is al- 
lowed to react with carbon monoxide and oxygen using 

4S a catalyst containing at loaslc^o copper compound se- 
lected from the group consisting of copper oxides, cop- 
per hydroxides, a salt of copper with a weak acid con- 
sisting of the elements other than halogen, and com- 
plexes or complex salts formed with copper or a copper 

» compound consisting of the elements other than halo- 
gen and a ligand consisting of the elements other than 
halogen and a platinum group metal or platinum group 
metal compound consisting ol elements other than hal- 
ogen, the corrosion of the equipment and tha dstariora- 

bb tion of the catalyst are remarkably suppressed, so that 
the desired carbonic dioewrean etabfy be produced with 
a very high yield and selectivity tor a long duration. The 
present invention has been brought into being on thB 
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basic of the abova finding. 

Thus, the preBsnl invention Ib directed to the use of 
a catalyst tor eynth seizing a carbonio diastar which com- 
prises at least one copper compound as a catalyst com- 
ponent selected from the group consisting of copper ox- 
idos, copper hydroxides, a salt of copper with a weak 
acid consisting of the element other than halogen, and 
complexes or complex salts formed with copper or a 
copper compound consisting of the elements other than 
halogen and a llgand consisting of the elements other 
than halogen and a platinum group metal or platinum 
group metal compound consisting of elements other 
than halogen. 

The catalyst for synthesizing a carbonic d tester just 
mantionod above may further be supported on a carrier 
(support), for instance, an activated carbon. 

The method Df producing a carbonic dfestsr com- 
prises allowing an alcohol to react with carbon monoxide 
and oxygen in the presence of said caialyst The reac- 
tion may bs carried out in a liquid phase or in a gas 
phase. 

It should be understood that the term 'consisting of 
the elements other than halogen" as used in this spec- 
ification means containing no halogen atom as lha mo- 
lecular constituent elements. 

The copper oxides include cuprous oxide, cupric 
corido and the like. The copper hydroxides includes cu- 
prous hydroxide, cupric hydroxide and so on. 

The weak acid mentioned abova may vertically be 
arty weak acid which consists of the elements other than 
halogen. Thus, the Weak acid may be exemplified as 
carboxylks acids such as f ormio acid, acetic acid, propi- 
onic acid, oxalic acid, malonic acid, lactic acid, malic ac- 
id, citric acid, tanarlo acid, benzolo acid, toluks acid, sal- 
icylic acid, phthafc acid, and nicotinic aejd; phenols 
such as phenol and catechol; inorganic weak acids such 
as carbonic acid, boric acid including orthobcrlc acid, 
metaboric acid and tetraboric acid, hypobort acid, per- 
oxyborlc acid, silicic acid and phosphoric acid; a metal 
oxo acid such as aluminic acid, vanadic acid, stannic 
acid, antlmonlc acid, bt&muthlc acid, molybdlc acid and 
tungstic acid; and so on. As the carboxyBc acids, car- 
boxylic acids having 2 to 8 carbon atoms are preferred. 

The acidity of the weak acid is not so critical, but the 
logarithm value ot thB inverse of the dissociation con- 
stant of the weak acid in an aqueous solution at 2S"C 
(pKa value) Is usually not less than zero, and preferably 
not less Than 2. 

"The complexes or complex salts formed with copper 
or a copper compound Include complexes formed with 
copper or the copper compound as above and a ligand, 
and salts thereof. As the ligand, there may be men- 
tioned, for example, boron compounds including nitro- 
gen-containing boron compounds such as boron nitride, 
borazano, borazene, borazine, borazol, borlnoamlno- 
borine, boron amide and boron imide, and borane de- 
rivatives such as BH4 (tetrahydroborato), H 3 H B (octahy- 
drotriborato), a compound shown by the formula 
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(CHa=CH) 2 BOBz wherein Bz represents benzyl group; 
amines such as melhylamine, dlmethylamine, trimeth- 
ylambie, trlathylamine, ethylenediamine and diethylen- 
etriamine; nitrogen-containing heterocyclic compounds 
s such as pyridine, pyrrolidine, plperldlne, pyrimidine, im- 
idazole, picollne, qutnollne. isoquinolino, l.io-phonan- 
throllne, quinazollne. 2,2'-dipyridyl, 4,4'-dipyridy|, pico- 
Bnlc acid arid nicotinic acid; amides such as acetamide 
and N-methylpyrrolidorte; organophosphorus corn- 
to pounds including phosphines such as triphsnylpfios- 
phlne and dlmsthylprienylphosphine. phosphites such 
as tn'methylphosphite and trlphenylphoephlte, and 
phosphorus triamides such &a hexamethylphoephorue 
trlamide; nltrlles such as acetonitrilB and benzonitrile; 
is iaonitriles such as methylisocyanlde and phenylloooya- 
nlde; thiourea; and the like. Said copper or copper com- 
pound and the ligand can be used in the form of complex 
or in the form ol mixture of the both. 

The valency ol the copper in these copper com- 
20 pounds to .be containod in the catalyst is not critically 
restricted, but the copper may preferably be monovalent 
or divalent and more prof orably divalent These copper 
compounds can be used Independently or in combina- 
tion. 

25 The preferred examples of the copper compounds 
include copper hydroxides, copper oxlde6, 6alts of cop- 
per with a carboxylic aeid, one of phenols, a metal oxo 
acid or an inorganic weak acid, a complex or a complex 
salt formed with copper or a copper compound and a 

30 boron compound and so on. Among them, copper hy- 
droxides such as cuprous hydroxide and cupric hydrox- 
ide; salts of copper with a carboxylic acid having 2 to 8 
carbon atoms including copper acetates such as cu- 
prous acetate and cupric acotato; copper borates such 

36 as copper melaborate and cupric borate; a complex or 
a complex eat formed with copper or a copper com- 
pound consisting of the elements other than halogen 
end a ligand Buch as a nitrogen-containing boron com- 
pound and borane derivative consisting of tho elements 

40 other than halogen can be advantageously used, with 
copper borates being the copper compound of choice. 

The catalyst of the present invention comprises as 
a co-calfllyst component, a platinum-group metal or a 
platinum-group meial compound consisting of the ele- 

«s ments other than halogen. 

The platinum-group metal Include palladium, plati- 
num, rhodium, ruthenium, and iridium. Palladium and 
the like can be preferably used among these metals. 
The platinum-group metal compound may virtually 

so be any compound as long as It contans no halogen at- 
om as the molecular constituent atom. As examples of 
the platinum-group metal compound, there may be 
mentioned salts of platinum-group metal with one 01 the 
above exemplified carboxylic acids, salts with one or the 

ss Inorganic weak acids as above, oxides, hydroxides, 
complexes, and salts with a strong acid such as sulfuric 
acid and nitric acid. The preferred platinum-group com- 
pound Is a sail with one of the carboxylic acids, partic- 
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ularly a salt of palladium with one of the earboxylic acids, 
with palladium acetate being the compound of choice. 
These platinum-group metal and platinum-group metal 
compound consisting of the elements other than halo- 
gen can be employed independently or in combination. 

When said platinum-group metal and the like is 
used as the co-catalyst component, an Improved cata- 
lytic activity can be realized. 

The amount of the co-catalyst component can be 
selected from the suitable range depending on the cat- 
alytic activity, economic factors and other factors, thus 
being, per mole of the coppor compound, usually about 
1 mole or less, preferably about 0.1 mole or less and 
mora preferably about 0.0001 to 0.05 mole. Since such 
platinum-group metal compound and the like can exhibit 
an excellent efficiency even when used in a small 
amount and is usually high-costod, a large quantity of 
the compound Is not required to be used 

The catalyst of the invention can further comprise 
other compounds containing no halogen atom as the 
molecular constituent atom such as transition metal 
compounds, alkali metal compounds, alkaline earth 
metal compounds, boron compounds e.g. boric add in- 
cluding orthobortc acid, meiabortc acid arid tetraborlc 
acid, a salt with boric acid, boryl compounds such as 
boryl acetate, boryl phosphate and boryl arsenate, boric 
acid esters and the like. Among these compounds, bo- 
ron compounds as above can advantageously be em- 
ployed. 

In the present invention, the catalyst may frequently 
contain boron atom in tho catalyst component. Said bo- 
ron atom may compose the main catalyst component 
with copper atom or be included in other component. 
When use is made of such catalyst containing boron at- 
om, a specifically improved activity and selectivity can 
bo obtained without thB corrosion of the equipment 

Thus, the catalyst may preferably contain boron 
compounds consisting of the elements other than halo- 
gen, such as copper borates; nitrogen-containing boron 
compounds; borane derivatives; boric acids; hypcooric 
acid; peroxoborte acid; boryl compounds; boric acid es- 
ters, and oth ors as above, These boron compounds can 
be used independently or in combination. 

Typical examples of the catalyst Include a catalyst 
containing, as the catalyst component, a copper-con- 
taining boron compound such ae ealt of copper with an 
inorganic weak acid containing boron atom such as a 
copper borate or a complex or a complex salt lormed 
with copper or a coppBr compound and a ligand con- 
taining boron atom such as a nitrogen-containing boron 
compound or a borane derivative. 

The catalyst of the present Invention may be a solid 
catalyst such as powder of tho catalyst component as it 
is, or a liquid wherein the catalyst component Is dis- 
persed or dissolved In a suitable solvent. Further, a cat- 
alyst compresslon-moldod with an adequate binder can 
also be employed. 

Furthermore, the catalyst of the invention can bo a 



supported catalyst wherein the catalyst component is 
supported on a proper carrier such as an activated car- 
bon, alumina, silica gel, magnesia, tltanla, vanadla and 

The specific surface area of the carrier is not critical, 
thus being usually about 10 rrftg or mora, and prefera- 
bly about 100 to 3,000 rrfrg. 

Typically preferred example of the carrier include an 
activated carbon or the UKo. The specific surface area 
of Ihe activated carbon may be, for example, about 500 
m*/g or more, preferably about 700 to 3,000 rrfVg. and 
more preferably about 900 to 3,000 mS/g. The mean 
pore size of the activated carbon may not be specifically 
restricted, thus being preferably about 10 to 100 A and 
more preferably about 10 to so A. 

When a supported catalyst is employed, the sup- 
porting amount of the catalyst component is, based on 
the weight of the carrier, usually about 0.5 to 60% by 
weight, preferably about 1 to 40% by weight, and more 
preferably around the saturated absorption amount, for 
example in case of the activated carbon, about 2 to 20% 
by weight. 

The supported catalyst can bo produced in a con- 
ventional manner. Practically preferable technique is a 
technique where a precursor of (he catalyst component 
or the catalyst component can be extensively dispersed 
to bo supported on a carrier. The supporting procedure 
may be conducted In a single step or in a multiple of 
steps. 

When use is made of a catalyst component soluble 
in a solvent, e.g. water, such ae copper acetates or pal- 
ladium acetates, the catalyst component may be dis- 
solved in such a solvent and the resulting solution can 
be adsorbed or supported on a carrier. 

When a catalyst component being slightly or spar- 
ingly soluble in a eolVBnt when compounds such as cop- 
per borates, copper hydroxides and copper phosphate 
are employed, said catalyst component can be support- 
ed on a support as a combination of two or more soluble 
compounds corresponding to the precursors of said cat- 
alyst component. For Instance, supporting can be con- 
ducted by adsorbing or impregnating a combination of 
a copper sulfate and a boric acid or a sodium borate, a 
copper sulfate and sodium hydroxide, a copper nitrate 
and sodium phosphate, or other combinations conse- 
quently on a carrier and, if required, washing the Impreg- 
nated carrier. 

Further, the catalyst supporting a copper oxide can 
be prBpBred as fallows. Forexampb. a salt of copper is 
first supported on a carrier, and The resulting substance 
may be treated with a high concentration and excess 
amount ol sodkim hydroxide, or submitted to thermal 
decomposition. It can also be prepared by oxidizing a 
carrier supporting copper metal. When a plural of the 
catalyst components are used, they may be supported 
simultaneously or In turn. 

The catalyst of the present Invention wherein at 
least one coppor compound selected from the group 
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consisting of coppor oxides, copper hydnoxidee. a salt 
of copper with a weak acid consisting ol the alamants 
other than halogen and complexes or comptox salt 
formed with copper or a copper compound consisting of 
the Btemants other than halogen and a ligand consisting 
of the elements other than halogen is used as the cata- 
lyst component, has a high catalytic activity, a high re- 
action selectivity and an excellent stability. In addition, 
H has a minimal risk of causing corrosion with production 
of highly corrosive by-products being signilicanlly inhib- 
ited. Therefore, thB corrosion of the equipment is mini- 
mized to enable a mass production run so that carbonic 
diestars (e.g. dimethyl carbonate) can stably be pro- 
duced with a remarkably Improved yield and selectivity 
tor a prolonged duration. 

In thB synthesis of carbonic disslere, an alcohol Is 
allowed to react with carbon monoxide and oxygen in 
the presence ot said catalyst. 

The axamplaB of lha alcohol mentioned above In- 
clude saturated aliphatic alcohols such as methanol, 
othanol, 1-propanol, 2-propanol and 1-butanol; unsatu- 
rated aliphatic alcohols such as allyl alcohol; aljcyclic 
alcohols such as cyclohexanol; aromatic alcohols such 
as benzyl alcohol and phenol; and polyhydric alcohols 
such as ethylene glycol and polyethylene glycol, The 
term 'aromatic alcohol" is used heroin to include a vari- 
ety of phenols containing a phenolic hydroxyl group. 

The preferred alcohol is a saturated or unsaturated 
monohydric alcohol, such as alcohols of about 1 to 6 
carbon atome. The particularly preferred alcohol In- 
cludes methanol and ethanol, with methanol being the 
alcohol of choice. 

Carbon monoxide and oxygen as raaetants need 
not ba a hlgh-purtty gas but can be used as diluted with 
an inert gas such as nitrogen, argon, helium, carbon di- 
oxide and so on. In such casos, air may bo substituted 
lor oxygen. Furthermore, by-product carbon dioxide gas 
lormed in the course d reaction may be recycled In the 
reaction system. 

The method can be applied to a liquid-phase reac- 
tion or a gas-phase reaction. 

When the carbonic dlester Is produced by a liquid- 
phase reaction, the reaction may be conducted in the 
absence of any solvent or in the presence of an inert 
solvent As examples of said solvent, there may be men- 
tioned ketones such as acetone, methyl ethyl Icetons 
and cydohexanone; ethers such as diethyl ether, dibutyl 
ether, dimethoxyelhane, dioxane and tetrahydrafuran; 
carboxylic acids such as formic acid, acetic acid and 
propionic acid; asters of carboxylic acids such ae methyl 
acetate, ethyl acalate, Isopropyl acetate, butyl acetate, 
amyl acetate, cell060lve acetate and ethyl propionate; 
amides of carboxylic acids such as N.N-dimethylforma- 
mido; nitrites such as acetonitrite, propionitrile and ben- 
zonltrile; aliphatic hydrocarbons such as haxane and oc- 
tane; aficyclic hydrocarbons euch as cyclohexane; aro- 
matic hydrocarbons such as benzene, toluene, xylene 
and ethyl benzene; halagorvatod hydrocarbons such as 
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carbon tetrachloride, chloroform, dlchloromethane and 
1 ,2-dichloroBlhane; the objective carbonic diestar; and 
the like. Further, the material alcohol can also be em- 
ployed as the solvent. These solvents can be used fcv 

& dapendBnlly or in combination. 

When the reaction is conducted in a liquid phase, 
any catalyst ae mentioned above can bo employed. 
Specifically preferred catalyst includes copper boraisB, 
copper hydroxides, copper oxides, a salt of copper with 

ro a metal oxo acid, a complex formed with copper or a 
copper compound and a boron compound consisting of 
the elements other than halogen and the like. Copper 
borates or a complex formed with copper or a copper 
compound and a nitrogan-conlalning boron compound 

w or a borane derivative consisting ol the elements other 
than ha tog en can advantageously be used among oth- 
ers. 

Ae the catalyst, powder of the catalyst component 
or others Intact as well as a supported catalyst can be 
so used. Further, the catalyst may be produced In the re- 
action eystem by adding a compound capable ol being 
the precursor of the catalyst component. 

The amount of the catalyst to be used can be se- 
lected from the range depending on reaction rate, sim- 
25 pljcfty of operation of after-treatment and economic fac- 
tors. Thus, the proportion of the catalyst In the reaction 
liquid medium, frequently being a solution or dispersion, 
is for example about 0.001 to 5 g atoms/liter, preferably 
about o 01 to 3 g atoms/liter and more pralerably about 
so o. 1 to 2.5 g atoms/liter, in terms of atomic copper. 

The reaction tamparaturo may range usually about 
from 20 to 200"C and preferably about from 60 to 1 50»C. 
When the reaction temperature is excessively low, the 
reaction rate may be significantly reduced, on the con- 
as trary, when the reaction temperature is excessively high, 
It may frequently give rise to Bids reactions. 

The reaction pressure ta generally about 0,1 to 20 
kPa (1 to 200 atm) and preferably about 0,1 to 6 kPa (1 
to GO atm), and the carbon monoxide partial pressure 
■w is, for Instance, about 0.01 to 20 kPa (0.1 to 200 atm) 
and preferably about 0.1 to 8 kPa (1 to 60 atm). The 
oxygen partial pressure Is not critical but Is generally se- 
lected from the range where an explosive mixture will 
not be formed. Thus, the oxygen partial pressure may 
« for example be generally about 0.01 to 2 kPa (0. 1 to 20 
atm) and preferably about 0 05 to 1 kPa (0.5 to 1 0 atm). 
As for the ratio of carbon monoxide and oxygen, carbon 
monoxide may ba used about 1 to 100 met as per mole 
of oxygen. 

so Meanwhile. thB method of producing a carbonic dl- 
aster by a gas-phase reaction can be carried out Into 
practice using any catalyst as mentioned above. Among 
them, In order to Insure reducing the pressure loss ot 
the reaction gases, removing reaction hsBt, improving 

ss the reaction rate or others, a soBd catalyst, preferably a 
supported catalyst, especially a catalyst herein the cat- 
alyst component is supported on an activated carbon 
can advantageously be used. 
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The gas- phase reaction can bo carried out at a tom- 
pBralure ol usually aboul 50 to 200'C. at a pressure of 
usually about 0,1 to SkPa(1 to50atm)andwithaspaca 
volocBy of tho material gas of, for example, about 10 lo 
100,000 h' 1 . Regarding the composition of the feed gas 
flow to the reactor, the alcohol content may be about 1 
to 50% by volume and the carbon monoxide content 
may vary about from 40 to 95% by volume, respectively 
based on the total volume of the alcohol, carbon mon- 
oxide and oxygen. The amount ol carbon monoxide par 



about 0.1 to 1,000 moles and preferably about 0.2 to 
too moles. The using amount of oxygen per mole of the 
alcohol is usually about 0.001 to 2 moles and preferably 
about 0.01 to 1.S moles. 

The method can be conducted in practice by any 
system selected from a batch system, semi-batch sys- 
tem or continuous system. The desired carbon diester 
corresponding lo the material alcohol can be obtained 
by treating resulting products In a conventional manner. 

Thus, the catalyst for synthesizing a carbonic di- 
ester ol the present Invenlion as a high catalytic activity, 
a high reaction selectivity and an excellent stability, and 
in addition, has a minimal risk of causing Ifm corrosion 
with production of corrosive by-products being remark- 
ably inhibited. 

In accordance With the production method, wherein 
such excellent catalyst as above is used, the corrosion 
of the equipment Is minimized to enabla a mass produc- 
tion run so that carbonic diesters (e.g. dimethyl carbon- 
ates) can stably be produced with a significantly Im- 
proved selectivity and yield lor a long period of time. 

The following examples are Intended to describe 
the present invention in further detail and should by no 
means be interpreted as defining the scope ol the in- 
vention. 

EXAMPLES 

Comparative Example 1 (Copper borate catalyst) 

Copper sulfate pentahydratB (4.7 g) was dissolved 
in 100 ml of water, and to the solullon was added 40 g 
of activated carbon (trada name: Shirasagi C2X (mean 
pore size 17 A), Takeda Chemical industries, Ltd.]. The 
mixture was stirred for 1 .5 hours at 50"C, followed by 
distilling off the solvent, and dried at lOO'C under re- 
duced pressure. 

The obtained activated carbon supporting copper 
sulfate was added to a solution prepared by dissolving 
7,2 g of sodium borate decahydrate in ISO ml of water, 
and the aboveimentloned procedure was otherwise re- 
peated, that is, stirring, distilling off the solvent and dry- 
ing under reduced pressure werB conducted. The result- 
ing material was washed with water as far as sulfuric 
acid radical was not detected In washings then dried suf- 
ficiently at 100°C under reduced pressure. Meanwhile, 
1 N aqueouB solution ol barium chloride was used for 



detecting sulfuric acid radical. 

The catalyst supporting copper borate thus ob- 
tained was packed into a stainless steel tubular reactor, 
27 mm in Inside diameter and 450 mm long, to provide 
s a 76 mm-deep catalyst bed. With the reaction tempera- 
ture being sot at 1 20 0 C, a mixed gas of CO/Og/mathanol 
= 82/2/16 (by volumo) was introduced at a space veloc- 
ity ol 500 h' 1 far 4 hours. During this time, the internal 
pressure of the tubular reactor was held at 7 Ko/cm 2 
10 gauge. The reaction product gas emerging! rom thB out- 
let ol the reactor was condensed by cooling at -70"C. 
The resulting condensate and the non-condensible gas 
wars respectively analyzed by gas chromatography us- 
ing the internal standard method and the absolute call- 
's oration method. 

As a result, dimethyl carbonate was obtained at a 
rate ol 0.4 mole/h per liter of the catalyst The methanol- 
based selectivity for dimethyl carbonate was 30% and 
the selectivity for by-product methyl formate amounted 
eo to 9% on methanol-baeis. 

Comparative Example 2 (Copper borate catalyst) 

The procedure of comparative Example 1 was oth- 
& erwfae repealed except that a gaseous mixture of CO/ 
CVmethariol = B8/1/11 (by volume) was ted to the tubu- 
lar reactor at a space velocity of 200 h" 1 and the internal 
pressure of the tubular reactor was held at 20 Kg/ten? 
gauge. 

so As a maud, dimethyl carbonate was obtained at a 
rate of 0.62 mole/h per liter ol the catalyst and the meth- 
anol-based selectivity for dimethyl carbonate was 80%. 
The selectivity for by-product methyl formate amounted 
to 1 9% based on methanol. 

as 

Comparative Example 3 (Copper borate catalyst) 

In 200 ml ol water, was dissolved 1 2.48 g of copper 
sulfate pentahydrate and, separately, 19.7 g of sodium 

40 borate decahydrate was dssalvad in 500 ml ol water to 
prepare aqueous solutions. The aquBous solution of so- 
dium borato was added to the aqueous solution ol cop- 
per sulfate with stirring. The resulting precipitate was 
cerrtrlfuged, washed with water sufficiently as far as no 

46 sulfuric add radical was detected in washings, and 
washed with acetone successively. The resulting pre- 
cipitate was dried thoroughly under reduced pressure 
and milled fully with a mortar. 

Using the copper borate-supporting catalyst thus 

bo obtained, tho following procedure was conducted. A 
900-ml capacity glass-lined autoclave equipped with a 
stirrer was charged with 50 ml of methanol containing 
SO mmoles per liter of copper borate and the gas phase 
was substituted with carbon monoxide. 

55 Subsequently, carbon monoxide was supplied to 
the autoclave at a pressure of 23 Kg/cm 2 , then the re- 
action temperature was hew at 135»C lor 10 minutes. 
Alter discharging the pressure, carbon monoxide and 
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oxygon wore fod to the autoclave respectively at pres- 
sures of 23 Kg/em 2 and 2.0 Kg/cm 2 , thus reaction was 
conducted at a temperature at SO'C for 30 minutes. Af- 
ter cooling to room temperature, the reaction mixture 
and product gas were respectively analyzed by gas 
chromatography. 

As a result, 0.1 mmote of dimethyl carbonate was 
obtained. By-product Ion of carbon dioxide gas was not 

Comparative Example 4 (Copper acetate catalyst) 

In 100 ml of water was dissolved 3.77 g of copper 
acetate and 40 g ot the activated carbon used in com- 
parative Example 1 was added to the resulting solution. 
The mixture was stirred at 50°C for 1 .5 hours lor adsorb- 
ing and supporting. The resulting material was dried by 
. distilling off water at 50»C, and was dried at 130°C for 
18 hours in nitrogen gas stream to provide a coppBr ac- 
etate-supporting catalyst. 

Using the catafysi thus obtained, the reaction pro- 
cedure of comparative Example 1 was otherwise re- 
peated. As a result, dimethyl carbonate was produced 
at a rate of 0.50 mola/h par liter of the catalyst and the 
methanol-based selectivity for dimethyl carbonate was 
93%. The selectivity of by-product methyl formate 
amounted to 5% based on methanol. 

Comparative Example 5 (Copper acetate catalyst) 

A 300 -ml capacity glass-linod autoclave equipped 
with a stirrer was charged with 50 ml of methanol con- 
taining copper acetate in a proportion of 50 mmoles per 
liter, and the gas phase was substituted with carbon 
monoxide. 

The reaction procedure of comparative Example 3 
was repealed and the resulting products were analyzed. 
Consequently, 3.0 mmoles of dimelbyl carbonate was 
obtained and 1 .6 mmolBo a\ carbon dioxide gas was by- 
produced. 

Comparative Example 6 (Copper hydroxide catalyst) 

The copper sulfate-supportlng activated carbon ob- 
tained in comparative Example 1 was dipped In 1 N 
aqueous solution of aodlum hydroxide fori .5 hours, and 
the surpornaiant was removed off. The resulting mate- 
rial was washed with water as far as the washings were 
not alkaline, and was dried at 130"C under reduced 
pressure for 4 hours to provide a copper hydroxide-sup- 
porting catalyst. 

The reaction procedure of comparative Example 1 
was repeated except for using the catalyst thus ob- 
tained. Ab a rBBuli, dimethyl carbonate was obtained at 
a rate of 0,21 mole/h per (iter of the catalyst and the 
methanol-based selectivity for dimethyl carbonate was 
90%. As a by-product, methyl formate was produced in 
the methanol-based selectivity of 9%. 
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ExamplB 1 (Copper acetate-palladium acetate catalyst) 

CoppBr acetate and palladium acetate were dis- 
solved in such a sufficient amount of water to be ab- 
s sorted by activated carbon, and the activated carbon 
used in comparative Example 1 was impregnated and 
supported with the solution in a porcelain dish. The re- 
sulting activated carbon was dried at 80*C In nitrogen 
gas stream for 1 6 hours to provide a catalyst supporting 
TO 10% by weight of copper acetate and 0,2% by weight of 
palladium acetate. 

The catalyst (15 ml) was packed into a tubular re- 
actor of 1 5 mm in insido diametar. equipped with a ther- 
mometer tubular sheath of 6 mm in outside diameter. 
« With the reaction temperature being held at 90°C, a 
mixed gas of CO/Oj/rnBthanot/nitrogan = 
4.5/2.1/3.1/90.3 (by volume) was introduced at a rate of 
180 normal liters per hour. 

Consequently, 9% of methanol to ba fed was con- 
so verted to dimethyl carbonate and dimethyl carbonate 
was obtained at a rate of 0.74 mole/h per liter of the cat- 
alyst. The methanol-based selectivity and carbon mon- 
oxide- based selectivity for dimethyl carbonate were re- 
spectively 1 00% and 90%. 

SB 

Comparative Example 7 (Copper sulfate catalyst) 

The preparing procedure of comparative Example 
1 was otherwise repeated to obtain a copper sulfate sup- 

30 ported activated carbon, except for drying at 1 30*C for 
12 hours under reduced pressure. Using the catalyst 
thus obtained, the reaction procedure of comparative 
Example 1 was repeated. 

As a result, dimethyl carbonate was obtained at a 

3S rata of 0.02 mote/h par ijtarol the catalyst and thamath- 
anol-based selectivity for dimethyl carbonate was 99%, 
and the selectivity for by-product methyl formate 
amounted to 6% on methanol-basis. 

40 

Claims 

1. Uao of a catalyst which comprises at least ona cap- 
per compound selected from the group consisting 
*S of copper oxides, copper hydroxides, a salt of cop- 
per with a weak acid consisting of elements other 
than halogen, and complexes or complex salts 
formed with copper or a cooper compound consist- 
ing of elements other than halogen and also com- 
so prises a platinum-group motai or a platinum-group 
metal containing compound consisting of elements 
other than halogen for synthesizing a carbonic cfi- 
esler from carbon monoxide and oxygon. 

BS 2. Use according to claim 1 wherein the catalyst com- 
ponent is at least one member selected from tho 
group consisting of cuprous hydroxide, cupric hy- 
droxide, cuprous oxide, cupric oxide, a salt of cop- 
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per wllh a carboxylic acid, one ol phenols, a metal 
oxo acid or an inorganic waak acid consisting of the 
alamants other than halogen, and a complex or a 
complex salt formed with copper or a copper com- 
pound consisting of the elements other than halo- 
gan and a boron compound consisting of the olo- 
montsothorthan halogon. 

3. Use according to claim i wherein the catalyst eom- 
ponent js at least one member selected from the 
group consisting of cuprous hydroxide, cupric hy- 
droxide, a salt of copper with a carboxylic acid hav- 
ing 2 to a carbon atoms, copper mataborata, cupric 
borate and a complex or a complex salt formed with 
copper or a copper compound consisting of the el- 
ements other than halogen and a ligand selected 
from the group consisting of boron nitride, bora- 
2ane, bora2ene, borazine, borazol, borjnoamino- 
borlne, boron amide, boron imida, BH4. BaHa and a 
compound shown by the formula (CH^CHJgBOBz 
wherein Bz represents benzyl group. 

4. Use according to claim 1 whoroin the catalyst com- 
ponent is at least one member selected from the 
group consisting of a salt of copper with an inorgan- 
ic weak acid containing boron atom and a complex 
or a complex salt formed with copper or a capper 
compound consisting of the elements other than 
halogen and a ligand containing boron atom and 
consisting of the elements other than halogen. 

6. Use according to claim 4 wh aroln the catalyst com- 
ponent ie at least one member selected from the 
group consisting of copper borates and a complex 
or a complex salt lormed wilh copper or a copper 
compound consisting of the elements other than 
halogen and a nitrogen'Containing boron com- 
pound or borane derivative consisting of the ele- 
ments other than halogen. 

G. Use according to claim 1 wherein the catalyst com- 
ponent is copper metaborate or cupric borate. 

7. Use according to claim 1 wherein the platinum 
group motal or the platinum group metal containing 
compound Is palladium or a salt of palladium with a 
carboxyBc acid. 

8. Use according to claim 1 wherein tho amount ol the 
platinum group metal or the platinum group metal 
containing compound is 1 mole or lass per mole of 
the copper compound. 

9. Uso according to claim 1 wherein the catalyst com- 
ponent is supported on a earner. 

10. Use according to claim 9 wherein the carrier is se- 
lected (ram the group consisting of an act ivated car- 
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bon, alumina, silica gel, magnesia, titania, vanadia 
and zircons. 

11. Use according to claim 10 wherein the carrier ie an 
s activated carbon. 

12. Use according to claim 11 wherein Bald activated 
carbon has a specific surface area of 500 m*/g or 
more and a mean pore size of 10 to 100 A. 

10 

13. Use according to claim fl. wherein the supporting 
amount of the catalyst component is 0.5 to 60% by 
weight based on the weight of the carrier. 

'* 14. Use according to claim 1 which comprises at least 
onB member selected from the group consisting of 
cuprous hydroxide, cupric hydroxide, a salt of cop- 
per with a carboxylic acid having 2 to B of carbon 
atoms, copper melaborate and cupric borate aup- 

so ported on an activated carbon in a proportion of 1 
to 40% by weight based on the weight ol the acti- 
vated carbon. 

15. Use according to claim 14, wherein palladium or a 
ss salt of palladium with a carboxylic acid is further 

supported on tho activated carbon as a co-catalyst 
component. 

16. Ubo according to claim 1 5, wherein the supporting 
*> amount of palladium or a salt of palladium with a 

carboxylic acid is 0.0001 to 0.05 mole per mole of 
the copper compound. 



SS Patsntanapruche 

1 . Verwendung eines Katalysators, umfassend zumin* 
deal eine Kupferverbindung, ausgewahlt aus der 
Qruppe. bestehend aus Kupferoxidsn, Kupferhy- 

40 droxlden, elnem Salz von Kupfer mlt Blner schwa- 
chen Saura, bestehend aus anderen Elementen als 
Halogen, und Komplexen und Komplsxealzen. ge- 
blldet mlt Kupfer Oder elner Kupferverbindung, be- 
stehend aus anderen Elementen als Halogen, und 

45 der ebenfalls oln Platingruppenrnetall oder eine pla- 
tingruppanmetallhaltlge Verblndung emhSIt, beste- 
hend aus anderen Elementen als Halogen, zur Syn- 
thase eines Kohleneauradiesters aus Kohlenmon- 
oxid und Sauarstoff. 

so 

2. Verwendung nach Anspruch 1 , worin die Katalysa- 
torkomponentB zumindest eine verblndung 1st aus- 
gaw&hlt aus der Gruppe, bestehend aus Kupler(l) 
hydroxld, Kupfer(ll)hydroxid. Kupferfjtoxld, Kupfer 

es (| itoxld, eln Salz von Kupf e r mlt elner Carbonsaure, 
elnem der Phenols, elner MetaJIoxosaure oder el- 
ner anorganischen schwachan Saura. bestehend 
aus anderen Elementen als Halogen, und elnem 
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Komplax oder einem Komplexealz. gablktet mil 
Kupfer odsr einer Kupferverbindung, bastehand 
bus anderen Elemanten als Halogan, und einer Bor- 
verblndung, bastehand aus andsran Glementen als 
Halogan. 

a. Verwendung nach Anspruch 1 . worin die Katalyaa- 
torkomponente zumlndaat elne Verbindung let, aus- 
gawahlt aus dar Gruppe, bastehand aus Kupfer(l) 
hydraxid, Kupfer(ll)hydroxid, elnam Salz von Kup- 
fer mfi ainar Carboneaure mlt 2 bis 8 Kohlenslefl- 
atomon, Kupformotaborat. Kupfar(ll)borat und si- 
nam Komplax odar einam Komplexsalz, gobildot 
mit Kupter oder ainar Kupferverbindung, bastehand 
aus andaran Elementon als Halogan und einem Li- 
ganden, ausgawahlt aus dar Gruppe, bastehand 
aus Bomitrid, Borazan, Borazen, Borazin, Borazol. 
Borlnoamlnoborin, BoramkJ, Bo timid, Bh^, B 3 H B 
und ainar Vsrbindung, dargeslelll durch die Formal 
(CHz=ch) z bobz, worin Bz aina Benzylgruppe ist 

4. Varwandung nach Anspruch 1 , worin die Katalysa- 
torkomponentft zumlndaat sina Verbindung ist, aus- 
gawahlt aus dar Gruppe, bastehand aus elnam Salz 
von Kupfer mit ainar anorganischen schwa chan 
Saure, umfaBsendein Boratom und einem Komplax 
Oder Komptex&atz, gebllctel mit Kupler odar einer 
Kupfarvorbindung, bastehand aus anderen Ele- 
menfen als Halogan, und einam Ugandan, umfas- 
sand Boratom undbastahendausanderen Elemen- 
tan als Halogen. 

5. Varwandung nach Anspruch 4, worin die Katalysa- 
torkomponente zumlndaat aina Verbindung ist, aus- 
gawahlt aus dar Gruppe. bastehand aue Kuplerbo- 
raten und einBm Komplax odar Komplexsalz, gebil- 
dat aus Kupfer odar ainar Kupf orvorbindung, bosto- 
hand aus den andsran Elemerrten ale Halogan, und 
ainar sttekstoffhalllgen Borverbindung odor oinem 
Bordanvat bastehand aus andaran Elomenten ale 
Halogan. 

6. Verwendung nach Anspruch 1 , worin die Katalysa- 
torkomponento Kupfermetaborat oder Kupfer(ll)bo- 



7. Varwondung nach Anspruch 1 , worin das PlaMn- 
gruppenmetail odar die platingmppenmatallhaltiga 
Verbindung Palladium odar ein Sab aus Palladium 
mit oinar Carbonsauro Ist. 

a. Varwandung nach Anspruch 1, worin die Mange 
des Pralingrupponmatalls odar dar platingruppen- 
matallhaltigan Vferbindung 1 Mol Oder wenlger pro 
Mol dar Kupferverbindung ist. 

9. Verwendung nach Anspruch 1 , worin die Katalysa- 
torkomponentB auf einem Tragor getragan ist. 
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10. Verwendung nach Anspruch 9, worin dar Trager 
aus dar Gruppe ausgawahlt ist, bastehand aus ai- 
nar Aktivkohle, Aluminiumoxid, Silicagel, Magnesi- 
umoxld, Tltanoxld. Vanadlumoxld und 2lrkonoxld. 

s 

11. VarwBndung nach Anspruch 10, worin der Trager 
elne Aktivkohle tat. 

12. Varwondung nach Anspruch 11, worin die Aktivkoh- 
io la alnB spezlflsche ObarflachB von 500 mVg odsr 

mehr und aina mlttlera PorengroBe von 10 bis 100 
A hat. 

13. Verwendung nach Anspruch 8, worin die Trage- 
is mango dor Katalysatorkompononto 0,5 bis BO Gaw. 

% Ist, bezogen auf das Gewichl des Tragars. 

14. Verwendung nach Anspruch 1, umfassend zumln- 
dBet aina Verbindung, ausgawahlt aus dar Gruppe, 

so bastehand aus Kupfer(l)hydroxld. Kupfer(||)hydro- 
xid, einBm Sate von Kupfer mit einar Carbonaaune 
mlt 2 bis B Kohtenetoffawman, Kupfermataborat 
und Kupfer[|l)bcfat, getragan auf Aktivkohle in ei- 
nam Ante!l von i bis 40 Gew.%, bazogan auf das 

ss Gawicht dar Aktivkohle. 

15. Varwandung nach Anspruch 14, worin Palladium 
odor ein Salz von Palladium mlt einer Carboneaure 
wBiterhin auf dar Aktivkohle als Co-Katalysator- 

so komponente getragan 1st. 

16. Verwendung nach Anspruch 15, worin dia Trage- 
menge des Palladiums odsr alnes Salzes von Pal- 
ladium mit oinor Carbonsauro 0,0001 bis 0,05 Mol 

as p ro Mol dar Kuptarverblndung isl. 



Revindications 

40 1. Utilisation d'Un catalyeeur qui comprand au moins 
un compose du cuivra, cholsi dans Is groups cons- 
tltue par las oxydes da cuivre, lea hydroxydas da 
cuivra, las &els da cuivra formes avec un aclde fai- 
ble constitua d'eiaments autras qu'un hatogana, at 

*s les complexes ou las sols complexes formes da cui- 
vra ou d'un compose du cujvra constitua d'elemanis 
autras qu'un habgene, et qui comprand egalement 
un metal du groups du platine ou un compose con- 
tenant uo metal du groupe du platine, conslilu4 

so d'alementa autras qu'un halogens, pour la synthase 
d'un diester carbonique, a partir du monoxyda ds 
carbone et cfoxygans. 

2. Utilisation eslon la ravendication 1 , dans laquelle la 
ss composarrt catalyseur est au moins un alamort 
©hotel dans le groupe uonatrtue par I'hydroxyds oui- 
vraux, ITiydroxyda cuh/riqua, i'oxydo cuivreux, I'oxy- 
da oulvrique, un 60l deoulvre at d'un aclde carboxy- 
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lique, un d'enlre loe phenols, un aclde oxometalli- 
qua ou un acids inorganlque faibla constitue par 
dee elements autree qu'un halogena at un eomple- 
xo ou un ael complexs lorroe par le cuivre ou un 
compose de cujvro, canatitue" d'elements aulrea 
qu'un halogeno ot par un compose du bore consti- 
tue d'elements autrBB qu'un halogens. 

3. Utilisation selon la ravendcallon 1 . dans laquallo le 
composant catalyseur est au moms un element 
choisi dans le groupa constitue' par I'hydroxyda cui- 
vreux. Itiydroxyde cuivrique. un soldaculvrB eid'un 
acicte carboxyrique ayant 2 a a atomas de carbons, 
le melaborata de cuivre, le borate cuivriqua et un 
oomplexe ou sal complexo forme par le cuivre ou 
un compose du cuivre, constitue d'elements autres 
qu'un halogeno et par un figand cho'si dans le grou- 
pa conatitue du nitrure de bore, du borazane. du bo- 
fazenB. de la borazina, du boratol, de la horinoa- 
minoborina, de Tamlde bortque, ds I'imida borique, 
du BH 4 , du B 3 H 8 et efun compose represente par 
la formula (GH 2 =GH) a BOBz. dans ^quelle Bz re- 
presents un groups benzyls. 

4. uUllsatlon salon la revendlcallonl. dans laquellale • 
composant catalyeeur est au moins un element 
choisi dans la groups constitue par un sal de cuivrB 
et d'un acids Inorganlqu e faible contenant un atoms 
de bore et un comploxa ou un sal complex© forma 
par la cuivre ou un compose de cuivre, constitue 
d'elements autres qu'un halogena et par un iigand 
conlananl un atome de bora el constitue d'elements 
autree qu'un halogena. 

5. Utilisation selon la revondtaation 4. dans bqualla le 
composant cataryaeur est au moins un element 
choisi dans le greupe oonstttuo par les borates de 
cuivre at un complexo ou un eel complaxe forme 
par Is cuivre ou un compose de cuivre, constitue 
d'elements autres qu'un halogens et par un compo- 
se de bore contenant ds I'azoie ou un derive bora- 
ne, constitue d'elements autreB qu'un halogeno. 

B. Utilisation sebn la revendication 1 , dans laquel le le 
composant catalyseur est le metaborate de cuivre 
ou |e borate cuivrique. 

7. Utilisation selon la revendication 1 . dans laqueiie le 
metal du groups du platine ou le compost conte- 
nanl un metal du groups du platine est le palladium 
ou un sal du palladium et dUn acids carboxyllque. 



8. Utilisation selon la revendication 1 , dans laqueiie la 
quanthe da metal du groups du platine ou de com- 
pose contenant un metal du groups du platine eat SS 
egale a 1 mole ou moins, par mole du compose do 



9. Utilisation selon la revendication 1 . dans laqueUe k» 
composant catalyseur est port© par un support 

10. Utilisation sslon la revondfcatton 9. dans laqueiie le 
support est choisi danB Is groups constitue par le 
charbon actif, I'alumlna. le gel de slllce. la magno- 
eie, I'oxydo de Wane, I'oxyda do vanadium et la zir- 



io 11. Utilisation selon la revendication 10, dans laqueiie 
le support est un charbon actif. 

12. Utilisation sslon la revendication 11, dans laqueiie 
ladft charbon actif a una surface specifiqua do 500 

is m 2 /g ou plus at une faille moyenno das pores de 1 0 
alOOA. 

13. Utilisation selon la revendication 9, dans laqueiie la 
quantite da composant eataryssur sur Is support est 

20 do 0,5 a 60 % en poids, aur la base du poids du 



1 4. Utilisation salon la revendication 1 , f alsant appal au 
moins a un element choisi dans le groups eonsulue 
par I'hydroxyde euivraux, fhydroxyds cuivrique, un 
sel de cuivra et cfun acids carboxylique ayant de 2 
a 8 atomaa da carbona. Is metaborate de cuivra at 
Is borate cuivrique, sur un support de charbon acHf , 
dans una proportion de 1 a 40 % en poids, sur la 
base du poids du charbon actif. 

16. Utilisation selon la revendication 14, dans laqueiie 
du palladium ou un sal ds palladium et d'un acids 
carboxyllque est, an outre, sur le support de char- 
bon actif, an lant que composant co-caialyeeur. 

16. utilisation selon la rsvendlcatlen 15, dans laqueiie 
la quantits de palladium ou de sel dB palladium et 
d'un aclde carboxylique sur le support estde 0,0001 
a 0,05 moles par mole du compose du cuivre. 
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